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- INTRODUCTION

In recent years more and more effort has been given to the development
of atmospheric transmission models representative of various conditions and
types of geographic locations. Throughout the lower altitudes aerosols
play an important role in the extinction process and hence a model
describing them is required. Unfortunately comprehensive data sets
needed to develop such models are for the most part non-existent and in
fact it is not even known if it is possible to construct a useful aerosol
model for a given type of geographic site. The work reported here
represents a first step by the University of Wyoming, atmospheric physics
group to try and characterize near surface aerosols in arid regions.

Using a tethered balloon and a free balloon system aerosol and meteorological
parameter profiles were measured during windy spring time conditions at
White Sands Missile Range (WSMR). The initial objective of this work was to
determine if surface aerosol measurements are representative of the first

several kilometers above the sampling site (in this case ARKY site).

INSTRUMENTATION

The basic aerosol detector is a two channel photoelectric particle

counter. During the field experiment the concentration of particles

i greater than .30 and .50 micrometers diameter were measured and on some
2 occasions the discriminator levels were set at .5 and 3 micrometers

respectively. A more complete description of the instrument, the
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calibration and the overall accuracy has been given by Hofmann et af., (1975).

The air temperature was measured with a small bead thermistor (about 2mm
dia.) shielded from the sun in a force ventilated housing. The relative
humidity was determined by the wet temperature method. Although this

method is not highly reliable for low values of relative humidity, it

served a valuable purpose in providing upper limits which eliminated
relative humidity as an important parameter in explaining the aerosol
variations. The wind speed was measured with a cup anemometer fastened

to the instrument package. Small errors develop in this measurement due

to swinging of the package and motion of the tethered balloon. The altitude
of the tethered balloon was determined from a very sensitive pressure sensor
capable of resolving about 1 meter of altitude and having a stability of
about 1 meter or better.

A 2500 cubic foot tethered balloon, with an expansion panel was
employed. The tail fins of this balloon are in part made out of aluminum
tubing and after about a week of continual flexing in the wind, they
developed weak spots and broke in several places. We believe this to be
a basic design flaw. However, it was possible to make temporary field
repairs and continue the soundings but with somewhat degraded performance.

The tethered balloon was controlled by a hydraulic winch that could
produce a very respectable torque at either high or low speed. Past
experience has shown that this is a necessary requirement for successful
control of the measurement conditions. Most of the data was taken at an
ascent/descent rate of about 1 meter per second.

A telemetry link was used between the instrument package and the
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ground. There was some limited capability of displaying real time data
but most of the information was recorded. Experience has shown that a
real time data display is necessary to successfully conduct tethered
balloon operations. Originally we had hoped to produce high quality real
time displays of data with a mini computer system but time and funding
did not allow us to do so. In evaluating the overall tethered balloon
system, we feel that it performed quite well in the field but at present
there is really no satisfactory way to reduce the tremendous volume of

data that it produces.

DATA

A summary of the sounding dates and times is given in Table 1. It will
be noted that the details concerning the free balloon sounding are also
given in Table 1. In this report the sounding results are given in both
graphical and tabulated form. Ascent profiles are represented by solid
lines and the descent is represented by dashed lines. For reference in
the temperature profile a dry adiabat is also shown. The data and time of
the soundings shown in graphical form can be determined from the sounding

number at the top of the graph along with the use of Table 1.

DISCUSSION

Almost without exception the aerosol concentration profiles were found

to be essentially constant with altitude above about 4 meters. This fact
allows a great simplification in the presentation of the aerosol data

because only one value of concentration is needed to represent each sounding.

<= e ik o
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TABLE I

SUMMARY OF SOUNDINGS

Time (MST)
Date Sounding Number Ascent Descent

. April 3, 1978 3-D-1 22:38/22:57 22:57/23:03

3-D-2 23:09/23:30 23:35/23:53

April 4, 1978 4-B-1 11:30/11:41 11:42/11:52

4-B-2 11:53/12:03 12:03/12:12

4-B-3 12:14/12:19 12:21/12:30

4-C-1 16:33/16:46 17:01/17:17

4-C-2 17:22/17:32 17:33/17:42

4-C-3 17:43/17:49 17:53/18:00

April 5, 1978 5-B-1 11:36/11:48 11:52/12:04

5-C-1 17:08/17:27 17:29/17:42

5-C-2 17:47/17:57 17:57/18:08

5-C-3 18:13/18:23 18:23/18:33

5-C-4 19:03/19:14 19:14/19:25

5-C-5 19:25/19:34 19:34/19:42

5-C-6 19:43/19:56 19:56/20:04

; April 6, 1978 6-B-1 11:46/11:55 11:56/12:05

6-B-2 12:06/12:14 12:15/12:23

6-B-3 12:26/12:27 12:27/12:29

6-C-1 16:08/16:22 16:23/16:30

6-C-2 16:33/16:40 16:43/16:48

6-C-3 16:56/17:05 17:07/17:20

April 7, 1978 7-B-1 11:36/11:44 11:44/11:53

7-B-2 11:55/12:02 12:03/12:12

7-B-3 12:13/12:20 12:21/12:32

7-C-1 18:09/18:17 18:18/18:26

7-C-2 18:27/18:34 18:35/18:43

j 7-C-3 20:02/20:11 20:11/20:20

{ . 7-C-4 20:22/20:31 20:32/20:50

i 7-C-5 20:55/21:15 21:16/21:33

‘;'_ April 8, 1978 8-1 T 12:53/13:11 13:11/13:19

% 8-2 13:21/13:28 13:29/13:37

% 8-3 13:53/14:01 14:02/14:12

25 8-4 15:27/15:35 15:36/15:52

iig 8-5 17:09/17:26 17:27/17:43
Ie 4.
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Time (MST)

Date Sounding Number Ascent Descent
April 10, 1978 10-C-1 18:23/18:36 18:37/18:50
10-C-2 18:56/19:08 19:14/19:26
10-C-3 19:27/19:48 19:50/20:03
April 11, 1978 11-B-1 11:32 - Abort
11-B-2 11:42/11:53 11:55/12:09
11-B-3 12:15/12:21 12:22/12:28
11-C-1 16:36/16:53 16:54/17:12
11-C-2 17:14/17:35 17:36/17:48
11-C-3 17:53/18:08 18:08/18:21
11-C-4 18:22/18:34 18:36/18:48
April 12, 1978 Free Balloon Launch: 11:41 Burst 12:05;
Sounding Impact: 12:19
April 13, 1978 13-B-1 11:35/11:48 11:49/12:03
13-B-2 12:04/12:18 12:18/12:31
13-C-1 16:10/16:27 16:27/16:40
13-C-2 16:48/17:02 17:04/17:14
13-C-3 17:33/17:42 17:42/17:54
April 14, 1978 14-B-1 11:32/11:45 11:45/11:57
14-B-2 11:59/12:11 12:11/12:26




Figure 1 was generated using this approach. It should be noted that in
this figure the concentration of the largest size particles (diameter
greater than 3 um) decreases significantly after the passage of a cold
front on April 10.

During the day on April 8, the winds gradually increased in intensity
to such an extent that at about 1800 MST a gust in excess of 50 knots was
observed at about 30 meters above the ground. It was also apparent from
visual observations that blowing dust was much more prominent than on
previous days. On several occasions during the day, dust devils passed
near or over the site. Figure 1 shows a corresponding increase in aerosol
concentration on April 8. Unfortunately the channel for particles greater
than .3 um diameter was not operational at this time.

In spite of the windy conditions the aerosol concentration did not
change appreciably with altitude except for the lowest few meters. This

variation is shown in Table II.

TABLE II
Aerosol Concentration on April 8, 1978 at about 1800 MST
Altitude Concentration Concentration
(meters) No./cm3 No./cm3
Dia 2.5 um Dia > 3 um
+ bS 55 8.1
Z 50 52
3 . 1.2

5 and above . o 20

The highest readings represent mass loadings in excess of 500 ugm/ms-

6.
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These anamalous concentrations near the ground are probably due to the

wind picking up surface material freshly loosened by personnel activity
in the local area.

Since no significant structure in the aerosol profile was observed
over the altitude range covered by the tethered balloon, a free balloon
sounding to a much higher altitude was conducted. The results are shown
in Figures 2 through 5 and suggest that even here there is not a
tremendous change in aerosol concentration with altitude. However, there
appears to be a significant disagreement between ascent and descent in the
lowest 1.5 km. This is undoubtedly due to different conditions at the
impact site (about 10 km south of the launch site) and suggests that the
aerosol concentrations observed at the surface prevails to about 1 km
above the site.

It is unfortunate that the sounding did not go slightly higher and pass
through the primary fair weather temperature inversion normally observed
at about 500 mb. Above this temperature inversion a dramatic drop in
aerosol concentration would be expected and the entire boundary layer

would have been well defined. It was hoped that additional free balloon

soundings could be performed but scheduling problems and sporatic closings
of the Range made this an impossibility.

An example of the meteorological support parameters measured with the
tethered balloon system is shown in Figures 6 - 11 in which the time
development throughout the day on April 7 is illustrated. At about 1200 MST

when surface heating from the sun is a maximum the temperature profile is

very irregular as shown in Figure 6. We believe the irregularities are due

- - "‘n
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to rising air parcels that were heated at the relatively hot surface.

At sundown the temperature profile becomes noticiably smoother and a
temperature inversion develops within the first few meters of the surface
due to rapid cooling of the ground. The wind speed at the surface
decreases probably due to the stability associated with the temperature
inversion. Figures 9 - 11 show the continued development of the surface
inversion and the gradual cooling of the air above the inversion. The
development of the inversion is also reflected in the wind speed profiles.
It should also be noticed that a short time after sundown the temperature
profiles again became more irregular. This seems contradictory to what
might be expected since the surface temperature inversion would inhibit
turbulence and promote a stable atmosphere. At present there does not

seem to be enough data on hand to settle this question.

CONCLUSION

The primary results of this work indicate the surface aerosol
concentration measurements in the size range .3 um to 3 um diameter seem
to be representative of approximately the first km above the surface. This

result applies to spring time conditions at WSMR and may not be generally

applicable.
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